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The  effectiveness  of  various  forms  of  shielding  near  the  target  of 
the  neutron  generator  in  reducing  the  dose  rate  at  specific  locations  on  the 
DREO  site  has  been  Investigated.  It  would  appear  possible  to  satisfy  AECB 
requirements  so  far  as  reducing  the  dose  rate  along  the  perimeter  fence 
bordering  the  railway  right-of-way  is  concerned,  but  substantial  additional 
shielding  would  be  required  to  reduce  the  dose  rate  significantly  at  the  near¬ 
est  occupied  building.  Building  14.  In  the  latter  case,  to  take  advantage  of 
the  mavimnm  operating  hours  permitted  by  the  licence,  AECB  requirements  could 
be  met  only  by  construction  of  a  massive  shield  around  the  target,  otherwise 
the  cumulative  dose  inside  Building  14  could  be  monitored  and  operations 
terminated  when  the  total  dose  reached  the  permitted  yearly  limit  for  non- 
atomlc  workers. — 
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RESUME 


Une  etude  a  ete  falte  sur  l'efficacite  des  diverses  formes  de 
blindage  situees  pres  de  la  cible  du  generateur  de  neutrons  et  servant  A 
reduire  le  dosage  dan  des  endroits  particulars  sur  1' emplacement  du  CRDO. 

II  semble  possible  de  repond re  aux  exigences  de  la  CCEA  en  ce  qui  a  trait 
A  la  reduction  du  dosage  le  long  du  perimStre  de  al  clSture  longeant  le  chemln 
de  fer;  cependant,  pour  reduire  de  faqon  appreciable  le  dosage  A  1' Edifice 
volsin,  soit  le  bStlment  14,  it  faudrait  ajouter  une  quantity  considAralbe  de 
blindage.  Dans  le  present  cas  afln  de  tirer  parti,  au  maximum  des  heures  d' 
exploitation  autorisees  par  le  permls,  il  nous  faudrait,  pour  rSpondre  aux 
attentes  de  la  CCEA,  construire  un  blindage  massif  autour  de  la  cible,  sinon 
11  faudra  contrSler  le  dosage  cumulatlf  A  l’interieur  de  l'edifice  14  et 
1 'exploitation  devra  etre  interrompue  lorsque  le  dosage  total  aura  attelnt  la 
limlte  annuelle  pe raise  pour  les  employes  qui  no  sont  pas  attaches  aux  travaux 
atomlques . 
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1.  INTRODUCTION 


The  DREO  150-keV  Texas  Nuclear  Neutron  Generator  Is  situated 
in  an  open-field  location  where  it  is  shielded  from  occupied  buildings  on  the 
site  by  an  L-shaped  concrete-block  wall  and  where  the  surrounding  area  is  en¬ 
closed  by  a  protective  perimeter  fence.  On  the  basis  of  a  previous  radiation 
survey  of  the  DREO  site  (1),  for  the  case  of  a  14-MeV  neutron  output  of  10l0n/s, 
the  Atomic  Energy  Control  Board  expressed  concern  that  the  dose  rate  at  the 
entrance  of  the  nearest  occupied  building,  Building  14,  was  of  the  order  of 
the  maximum  rate  to  which  non -atomic  workers  should  be  exposed  at  any  time. 

The  Board  was  also  concerned  that  the  dose  rate  at  the  perimeter  fence  along 
the  railway  right-of-way,  which  was  in  direct  view  of  the  target  of  the  neutron 
generator,  was  much  in  excess  of  this  maximum. 

In  its  subsequent  biennial  review  of  the  operating  licence  of  the 
generator  the  Board  imposed  a  number  of  specific  conditions  to  which  renewal 
of  the  licence  wsb  subject.  Thus,  for  a  14-MeV  neutron  output  of  not  more 
than  3-4  *  109  n/s,  suitable  additional  shielding,  acceptable  to  the  Board's 
Directorate  of  Licensing,  was  to  be  installed  in  the  vicinity  of  the  target  in 
order  to  reduce  the  dose -equivalent  rate  at  Building  14.  In  other  cases, 
where  outputs  of  up  to  10 16  n/s  would  be  required,  a  shadow  shield  was  also  to 
be  erected  between  the  target  and  the  railway  tracks,  and  a  complete  radiation 
survey  was  to  be  carried  out  to  assess  the  effectiveness  of  the  shield  before 
further  operation  at  such  output  levels  would  be  sanctioned.  In  addition,  it 
was  requested  that  the  effect,  if  any,  of  this  shadow  shield  on  the  radiation 
level  at  the  entrance  to  Building  14  be  determined. 

The  present  report  describes  the  results  of  the  radiation  survey 
which  was  carried  out  in  compliance  with  the  above-mentioned  directives.  In 
order  to  assess  the  effectiveness  of  any  shield  which  would  be  erected,  a 
detailed  neutron  survey  was  first  carried  out  over  a  measured  grid  within  the 
perimeter  fence  and  at  certain  locations  elsewhere  before  any  additional 
shielding  was  put  in  place  near  the  target.  Then  the  effect  of  a  number  of 
different  shielding  configurations  on  the  dose  rate  at  various  grid  points  was 
determined  Including,  in  particular,  those  along  the  fence  bordering  the  rail¬ 
way,  and  measurements  were  also  made  at  the  entrance  to  Building  14. 

Details  of  the  layout  of  the  field  Installation,  together  with  the 
locations  of  the  grid  points  at  which  survey  measurements  were  made,  are  shown 
in  Figure  1. 
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Figure  1 

IV  tails  of  the  layout  of  the  Neutivn  Generator  field  installation, 
showing  locations  of  the  grid  points  at  which  sui'vcy  measui'ements 
were  made.  The  Neuti'on  Generator  itself  is  located  in  Building  T1 . 
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2.  RADIATION  SURVEY  TECHNIQUES 


The  radiation  survey  was  carried  out  using  an  Eberllne  portable, 
battery  operated, Neutron  Rem  Counter,  Model  PNR-4,  the  output  of  which  was 
recorded  from  the  phone  connector  by  means  of  a  scaler  (Ortec  Model  772) . 

Since  this  survey  was  carried  out  mainly  under  winter  conditions,  over  snow- 
covered  terrain,  the  scaler  and  its  associated  power-supply  bln  were  mounted 
on  a  toboggan,  together  with  a  Honda  Model  EG1500  gasoline-powered  generator  to 
supply  ac  power.  Figure  2  shows  this  mobile  detection  system  in  position  at  one 
of  the  grid  markers.  For  most  of  those  measurements  which  were  carried  out 
during  cold  weather  the  Rem  counter,  which  consisted  of  a  22.86-cm  (9-inch) 
diameter  cadmium-loaded  polyethylene  sphere  with  a  BFj  tube  in  the  center  and 
an  attached  electronics  module,  was  enclosed  in  a  2.54-cm  (1-inch)  thick  in¬ 
sulating  foam  styrene  cover  which  contained  an  electric  light  bulb  of  a  suitable 
else,  depending  on  external  ambient  conditions,  to  maintain  the  temperature  of 
the  assembly  above  0°C.  Because  of  small  variations  in  speed  of  the  engine  of 
the  generator,  the  frequency  of  the  voltage  output  was  not  sufficiently  con¬ 
stant  to  permit  accurate  electronic  timing  of  counting  intervals,  and  a  stop¬ 
watch  was  therefore  employed  for  this  purpose.  In  the  few  cases  were  mains 
power  was  available  and  could  be  used  in  place  of  the  generator,  a  Model  719 
Ortec  Timer  was  used  to  time  the  counting  period. 

Calibration  of  the  Rem  counter  was  carried  out  using  a  standard  Pu-Be 
source,  and  the  output  of  the  neutron  generator  was  monitored  by  means  of  a 
fission  chamber  whose  calibration  factor  was  established  by  suitable  techniques. 
This  monitor  was  sufficiently  close  (40  cm  at  162°)  to  the  generator  target 
that  neutrons  scattered  from  any  shielding  which  would  be  erected  in  the  vicinity 
would  not  be  expected  to  make  a  significant  contribution  to  the  total  number 
detected,  and  thus  determination  of  the  target  output  would  not  be  adversely 
affected. 


3.  INITIAL  REFERENCE  SURVEY 


3.1  Measurements 


Dose-rate  measurements  were  made  during  the  winter  (January-February 
1978)  at  nearly  all  of  the  grid  points  shown  in  Figure  1,  and  also  at  the  gate 
of  the  perimeter  fence  and  at  the  entrance  to  Building  14.  Measurements  at 
some  locations  near  the  target  and  at  Building  14  were  repeated  later  (Aprll- 
May)  after  the  snow  had  disappeared,  and  some  additional  measurements  were  also 
made  at  this  time.  The  unshielded  target  of  the  neutron  generator,  as  employed 
for  these  measurements  is  shown  in  Figure  3A. 

On  the  basis  that  the  output  of  the  T(d,n)HHe  reaction  is  essentially 
isotropic  (within  M.1Z)  in  the  laboratory  system  (2) ,  the  results  of  all  these 
measurements  can  be  most  clearly  and  graphically  summarized  by  means  of  a  plot 
of  the  response  of  the  Rem  counter  at  a  particular  grid  point  versus  the  inverse 
square  of  the  distance  of  that  grid  point  from  the  target.  Such  a  plot  is  shown 
in  Figure  4,  where  some  of  the  points  are  labelled  with  the  particular  grid 
locations  at  which  the  measurements  were  made.  In  this  figure  two  scales  are 
provided  for  the  ordinate  axis.  The  left-hand  scale  denotes  the  counts  recorded 
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by  the  PNR-4  Rem  counter  normalized  with  respect  to  the  fission  chamber  counts 
obtained  during  the  same  counting  period.  The  right-hand  scale  represents  the 
dose -equivalent  rate  corresponding  to  the  left-hand  scale  (conversion  factor 
0.149)  and  is  based  on  the  measured  net  response  (100  cpm  H  5.93  i  0.19  mrem/hr.) 
of  the  PNR-4  to  a  Pu-Be  source  of  known  output  and  on  the  calibration  factor  of 
the  fission  chamber  (2.51  *  10s  H  1010  n/sec  into  4ir)  .  Techniques  by  which 
these  factors  were  determined  will  be  described  in  a  future  report. 

Apart  from  some  measurements  which  were  made  at  locations  whose  direct 
view  of  the  target  was  obstructed  by  the  main  L-shaped  shielding  wall  near  the 
target,  such  as  those  at  E6  and  F6,  the  majority  of  the  points  plotted  in 
Figure  4  appear  to  fall  into  two  relatively  distinct  groups  such  that  the  points 
in  each  group  are  distributed  about,  or  conform  closely  to,  an  identifiablv 
separate  trend  line.  Tire  two  suggested  trend  lines,  drawn  through  the  origin, 
have  been  labelled  I  and  II,  Thus  for  each  of  the  two  groups  of  points  the 
dose  rate  varies  approximately  inversely  as  the  square  of  the  distance  from  the 
target,  but  a  different  apparent  source  strength  is  indicated  for  the  two  cases, 
as  evidenced  by  the  'V  24%  difference  in  the  slopes  of  the  lines  I  and  11.  This 
difference  in  the  dose-distance  dependence  between  the  two  groups  of  point s  is 
due  to  a- number  of  factors,  such  as  the  auxilliary  cement-block  shielding  near 
the  target,  the  main  shielding  wall,  the  uneven  terrain  ^particularly  at  back 
angles  south  of  the  target),  and  the  (small)  angular  dependence  of  the  output 
from  the  target.  While  a  distinct  demarkation  between  the  regions  where  the 
measured  dose  rates  follow  one  or  other  of  the  apparent  trend  lines  is  not  to 
be  expected,  an  appraisal  of  the  dose  rates  at  certain  grid  points  in  relation 
to  the  locations  of  these  points  with  respect  to  the  target  can  suggest  a 
general  basis  for  the  difference  in  the  trends  which  were  observed.  The  follow¬ 
ing  observations  can  be  made: 

i)  The  measurements  made  at  those  grid  points  directly  ahead  of 

the  target,  C5,  D5 ,  E5  and  F5,  all  lie  close  to  the  lower  trend 
line  II.  In  this  case  the  shielding  wall,  while  not  obstructing 
a  direct  view  of  the  target,  acts  to  remove  essentially  half  of 
those  neutrons  which  would  normally  be  expected  to  scatter  from 
the  ground  into  the  detector,  as  well  as  a  significant  fraction 
of  those  neutrons  which  fora  the  skyshine  component.  In  addition 
very  few  neutrons  reflected  from  the  wall  or  from  the  auxiliary 
shielding  near  the  target  can  be  expected  to  reach  the  detector 
at  any  of  these  positions. 

li)  The  measurements  at  grid  points  G4  and  G3,  at  'V  90°  to  the 

target,  also  conform  to  the  trend  of  line  II.  Since  the  output 
from  the  target  at  this  angle  is  expected  to  be  no  more  than  6% 
less  than  that  at  0°,  and  also  because  the  neutrons  detected  at 
these  points  would  include  those  reflected  from  the  auxiliary 
shielding  near  the  target  and  from  the  wall,  as  well  as  the 
usual  ground-scattered  and  skyshine  components,  it  must  be 
concluded  that  the  low  dose-rates  at  these  points  is  mainly  due 
to  a  reduced  output  from  the  target  at  this  angle.  A  reduction 
in  the  neutron  flux  at  90°  could  occur  because  the  neutrons  are 
emitted  in  a  direction  essentially  parallel  to  the  plane  of  the 
target  and  can  be  absorbed  or  scattered  in  the  target  backing, 
in  the  cooling  water,  or  in  the  target  cap  Itself. 
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Figura  4 
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iii)  The  measurement  made  at  grid  point  H4  lies  below  trend 
line  II  by  a  significant  amount.  This  point  represents 
the  largest  backward  angle  (M.300)  at  which  any  of  the 
measurements  were  made  and,  as  such,  would  be  the  point 
at  which  any  effects  of  the  non-isotropic  output  from 
the  target  would  be  most  likely  to  be  observed.  In 
addition,  the  direct  line -of -sight  from  the  target  to  this 
point  passes  very  close  to  the  large  oil-filled  tank  con¬ 
taining  the  isolation  transformer  and  high-voltage  power 
supply  associated  with  the  neutron  generator  in  Building 
Tl,  and  hence  neutron  absorption  or  scattering  by  the 
tank  could  reduce  the  air-  or  ground-scattered  flux 
incident  on  the  detector  at  this  point,  and  absorption 
by  the  building  itself  could  reduce  the  direct  flux. 

iv)  Those  dose-rate  measurements  which  appear  to  follow  trend 
line  I  were  made  at  points  within  the  forward  quadrant, 
in  a  direction  away  from  the  shielding  wall.  At  these 
points  the  major  portion  of  the  incident  neutron  flux, 
composed  of  the  direct  and  the  air-  and  ground -scattered 
components,  would  not  be  expected  to  be  significantly 
affected  by  the  presence  of  the  wall.  In  addition,  while 
these  points  were  not  equally  accessible  to  neutrons 
reflected  from  the  main  w^ill,  they  all  had  an  unobstructed 
view  of  the  auxilliary  cement-block  shield  between  the 
target  and  the  wall.  This  shield  was  only  about  one  metre 
away  from  the  target  and  would  be  a  significant  source 
of  scattered  neutrons. 

Thus,  in  summary,  the  neutron  flux  described  by  trend  line  I,  which  is 
characteristic  of  a  region  in  the  forward  quadrant  away  from  the  wall,  is  composed 
of  direct  and  air-  and  ground -scattered  components,  together  with  a  component 
reflected  mainly  from  auxilliary  shielding  near  the  target.  The  reduced  flux 
described  by  trend  line  II,  on  the  other  hand,  is  characteristic  of  two  different 
regions  where  different  factors  contribute  independently  to  produce  apparently 
similar  intensity  distributions.  Thus  in  the  direction  around  0°  the  main  shield¬ 
ing  wall  reduces  the  ground-scattered  and  skyshine  components,  and  neutrons  scat¬ 
tered  from  shielding  near  the  target  are  absorbed  by  this  wall,  with  the  result 
that  the  flux  in  this  direction  is  smaller  than  that  described  by  trend  line  I 
but  contains  a  larger  proportion  of  the  direct  flux.  In  the  other  region  around 
90°  the  flux  is  composed  of  the  usual  direct  and  scattered  components  character¬ 
istic  of  trend  line  I,  but  the  intensity  is  smaller  because  the  output  rrom  the 
target  in  this  direction  is  reduced  by  absorption  and  scattering  in  the  target 
itself.  At  backward  angles,  greater  than  about  120°,  effects  of  the  non-isotropy 
of  the  output  and  other  factors  combine  to  cause  the  flux  to  become  smaller  than 
that  suggested  by  trend  line  II. 


3.2  Derived  Dose  Equivalent  of  the  Output  ol  the  Generator 

From  the  slopes  of  the  two  lines  I  and  II  drawn  in  Figure  4,  dose-equiva¬ 
lent  factors  of  60.4  *  10“€  and  48.3  *  10-f’  rarem/n/cm2  respectively  can  be  derived 
as  applicable  to  the  output  of  the  neutron  generator  in  the  regions  characterized 
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by  the  two  trend  lines.  The  values  derived  for  these  factors  depend  in  parti¬ 
cular  on  calibration  of  the  Rem  counter  with  respect  to  the  calculated  dose- 
equivalent  factor  (^1.1  *  10~6  mrem/n/cm2)  of  a  standard  Pu-Be  source  (average 
Ea  4.2  -  4.3  HeV)  of  known  output.  For  14-MeV  neutrons  a  dose-equivalent  factor 
of  57.8  *  10~6  mrem/n/cm2  has  been  recommended  (3),  which  corresponds  closely 
with  that  obtained  from  the  slope  of  trend  line  I.  However  detailed  comparison 
of  these  factors  is  not  meaningful  for  two  reasons:  the  assumed  flux  of  1010  n/s 
from  the  target  is  augmented  by  an  unknown  amount  by  scattered  neutrons  which 
are  also  incident  on  the  detector,  and  the  Eberline  PNR-4  Rem  counter  does  not 
provide  the  appropriate  relative  dose-equivalent  response  for  the  different 
neutron  energies  characteristic  of  the  direct  and  scattered  components.  Thus, 
on  the  basis  of  the  response  curve  published  in  the  technical  manual  which 
accompanies  the  Rem  counter  (4) ,  it  is  apparent  that  the  measured  response 
approximates  the  desired  dose -equivalent  curve  only  in  the  range  of  about  400 
keV  to  3-4  MeV,  being  too  high  below  this  range  and  too  low  above.  At  10  MeV 
the  response  curve  appears  to  be  about  35%  too  low  and  falling  rapidly;  thus 
at  14  MeV  the  discrepancy  could  be  expected  to  be  even  greater.  An  energy 
response  of  this  nature  appears  to  be  typical  of  those  neutron  survey  instru¬ 
ments  which  are  available  commercially  (5) . 

The  previous  survey  (1)  which  was  carried  out  employed  a  different 
type  of  Rem  counter,  SNOOPY,  which  had  similar  response-characteristic 
deficiencies  to  those  exhibited  by  the  PNR-4,  and  it  is  of  interest  to  compare 
the  dose-equivalent  rates  which  were  measured  at  some  common  locations  in  the 
two  surveys.  Such  a  comparison  is  given  in  the  following  table: 


LOCATION 

DOSE-RATE 

EQUIVALENT 

mrem/hour 

Summer  Conditions 

Winter  Conditions 

SNOOPY 

PNR-4 

PNR-4 

At  gate  of  perimeter  fence 

0.3-0. 5 

0.36  ±  0.02 

Railway  fence  at  position  of 
minimum  distance  to  target 

1.5-1. 7 

2.03  ±  0.07 

Outside  entrance  to  Bldg.  14 

0.27  ±  0.01 

0.20  ±  0.02 

Detector  facing  target 

0.2-0. 3 

Detector  facing  up 

0.1-0. 2 
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Thus  Che  dose  rates  measured  by  Che  two  instruments  were  similar,  but  precise 
quantitative  comparison  is  not  warranted  since  the  dose  rates  measured  with 
SNOOPY  were  obtained  by  visually  estimating  the  average  deflection  of  the 
fluctuating  needle  of  the  count-rate  meter,  whereas  the  output  of  the  PNR-4 
was  recorded  by  means  of  a  scaler.  It  is  apparent,  however,  that  the  measure¬ 
ments  made  with  the  FNR-4  at  the  entrance  to  Building  14  at  different  times 
of  year  suggest  that  there  is  a  significant  reduction  in  the  dose  rate  under 
winter  conditions  when  the  surrounding  area  is  covered  with  snow.  This  point 
will  be  discussed  later.  The  errors  quoted  for  the  PNR-4  measurements  in  the 
above  table  are  statistical,  being  based  on  the  number  of  counts  obtained,  and 
are  not  estimates  of  the  accuracy  of  the  dose  rates  themselves. 


4 •  EFFECTS  OF  LOCAL  SHI ELI >INC  NEAR  TOE  TARGET 


L  Shielding  Configurations  Employed 

A  number  of  different  local  shielding  arrangements  near  the  target 
were  investigated  in  order  to  determine  the  most  effective  means  of  reducing 
the  dose  rate  at  the  specific  locations  identified  by  the  AECB. 

Three  shielding  configurations  were  employed  as  indicated  in  Figure  3B: 

51  A  4  *  4  array  of  cement  blocks,  each  19  cm  x  14  cm  *  40  cm, 
located  between  the  target  and  the  railway  tracks  at  a  distance 
of  30.5  cm  from  the  centre  of  the  target. 

52  A  similar  4x5  array  of  cement  blocks  at  a  distance  of  30.7  cm 
from  the  target,  with  three  18-cm-thick  boxes  of  paraffin  on 
the  side  of  the  array  away  from  the  target  and  these  surmounted 
by  two  cement  blocks.  This  configuration  takes  advantage  of 
the  fact  that  compound  shielding  with  heavier  elements  located 
towards  the  incident  neutron  beam  has  been  shown  to  constitute 
the  preferred  elemental  distribution  (6). 

53  The  sume  arrangement  as  S2,  with  the  addition  of  a  cement  block 
43  cm  square  and  31  cm  thick,  with  a  centrally  located  hole  30.5 
cm  in  diameter,  which  waB  placed  symmetrically  about  the  target, 
with  two  of  the  standard  cement  blocks  on  top.  In  this  case  the 
shielding  above  the  target  subtended  a  solid  angle  of  approxi¬ 
mately  0. 7-0.8  71  steradians. 


4 . 2  General  Effects  of  the  Various  Shielding  Configurations 

The  dose -rate  measurements  which  were  made  with  these  different 
shielding  arrangements  are  all  plotted  in  Figure  5  versus  the  inverse  square 
of  the  distance  of  the  particular  grid  point  from  the  target.  Both  the  norm¬ 
alised  PNR-4  counts  obtained  at  each  of  the  grid  points  and  the  corresponding 
dose  equivalents  are  indicated  on  the  axis  of  ordinates.  The  straight  lines 
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Response  of  the  PNR-4  Rem  Counter  at  various  of  the  grid  points  for 
the  ease  of  different  shielding  arrangements  near  the  target.  The 
straight  lines  which  have  been  drawn  represent  the  two  trends  of  tht 
dependence  of  dose  rate  with  distance  which  were  evident  in  the  un¬ 
shielded  case  as  indicated  in  Fiaure  4. 
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which  have  been  drawn  in  Figure  5  are  identical  with  those  drawn  in  Figure  4 
to  represent  the  two  trends  of  the  dependence  of  dose  rate  with  distance 
which  were  evident  in  the  unshielded  case . 


Those  points  plotted  in  Figure  5  which  appear  to  follow  the  trends 
suggested  by  the  lines  which  have  been  drawn  represent  measurements  made  at  grid 
points  whose  direct  view  of  the  target  was  not  obstructed  by  the  various  shield¬ 
ing  structures  erected  near  the  target.  Thus,  on  the  basis  that  the  apparent 
total  neutron  output  from  the  target,  as  determined  by  the  fission  chamber, 
was  not  affected  by  scattered  neutrons,  it  appears  that  the  dose  rate  measured 
at  such  grid  points  was  not  significantly  influenced  by  the  added  shielding. 

The  apparent  anomaly  presented  by  the  measurements  at  grid  point  E4,  wherein 
shielding  arrangements  S2  and  S3  slightly  reduced  the  dose  at  this  point 
compared  with  that  measured  in  the  unshielded  case  while  arrangement  SI  had  no 
such  effect,  can  be  accounted  for  by  the  fact  that  the  4  *  5  array  of  cement 
blocks  in  configurations  S2  and  S3  extended  about  8  cm  further  forward  of  the 
target  than  did  the  4  x  4  array  in  the  SI  configuration.  Thus,  for  shielding 
configurations  S2  and  S3,  the  line  joining  the  target  to  grid  point  E4  (and  by 
extension  to  C3)  approximately  defines  the  transition  between  that  region 
south  of  the  target  which  was  shadowed  from  the  target  and  the  area  forward  of 
the  target  which  was  not. 

In  the  case  of  those  grid  points,  such  as  G3,  G4,  F4,  whose  direct 
view  of  the  target  was  completely  blocked  by  the  added  shielding,  the  degree 
to  which  the  dose  rate  was  reduced  was  a  function  of  the  particular  shielding 
configuration,  as  indicated  by  the  references  to  certain  specific  grid  points 
in  Figure  5.  In  general,  the  S2  configuration  was  markedly  superior  to  SI, 
while  S3  produced  only  a  marginal  improvement  over  S2. 


4 . 3  Dose-Rate  Reduction  Along  Railway  Fence 

As  stated  previously,  one  of  the  major  points  of  concern  to  the 
AF.CB  was  the  relatively  high  dose  rate  along  the  perimeter  fence  bordering  the 
railway  right-of-way  which  was  produced  by  the  unshielded  target.  Figure 
6  is  a  linear  plot  of  the  unshielded  and  shielded  dose  rates  along  this  fence, 
as  measured  at  grid  points  A1  to  HI.  These  measurements  are  not  contained  in 
the  data  plotted  in  Figure  4  and  Figure  5,  since  such  a  presentation  would  be 
obscure  and  would  not  facilitate  a  convenient  or  direct  visual  comparison  of 
the  pertinent  points.  As  can  be  seen  from  Figure  6,  the  shielding  introduced 
between  the  target  and  the  fence  reduces  the  maximum  dose  rate  by  about  a 
factor  of  3  to  a  level  of  about  0.7  mrem/hr.  It  would  appear  that  any  further 
significant  reduction  of  the  dose  rate  along  the  fence  could  only  be  attained 
by  a  considerable  increase  in  the  amount  of  shielding  over  that  already  in 
place . 


4  .4  Measurements  at  Building  14 

Building  14  is  located  about  130  m  from  the  target  of  the  neutron 
generator  and  is  shielded  from  the  direct  neutron  flux  by  the  main  L-ehaped 
concrete -block  wall  near  the  target;  thus  the  neutron  flux  incident  on  the 
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Response  of  the  PUR-4  Rem  Counter  at  locations  along  the  perimeter 
fence  bordering  the  railway  right-of-way. 
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building  will  consist  mainly  of  skyshine  and  ground-scattered  components.  As 
stated  previously,  the  AECB  was  concerned  about  the  dose  rate  at  the  entrance 
to  this  building,  as  well  as  that  inside  the  building  since,  on  the  basis  of 
the  previous  survey  (1),  an  Integrated  yearly  exposure  considerably  greater 
than  5  mrem  would  result  if  the  neutron  generator  was  operated,  even  at  a 
reduced  output  of  1/3  *  10 10  n/s,  for  a  period  approaching  the  total  number 
of  hours  (20  hours  per  week  for  SO  weeks)  permitted  by  the  operating  licence 
(A18/77).  Thus  the  effect,  adverse  or  otherwise,  of  shielding  added  near 
the  target  on  the  dose  rate  at  Building  14  was  of  interest  to  the  AECB. 

The  measurements  made  at  Building  14  are  summarized  in  the  following 
table,  where  the  dose  rates  are  normalized  to  an  output  of  1010  n/s  from  the 
target: 


TARGET  SHIELDING  CONFIGURATION 

DOSE -RATE  EQUIVALENT  mrem/hour 

SUMMER  WINTER 

CONDITIONS  CONDITIONS 

Unshielded  towards  railway 

0.28  ±  0.01 

0.26  ±  0.01 

Av.0.27  ±  0.01  0.20  ±  0.02 

S2  shielding 

0.25  ±  0.01 

S3  shielding 

0.18  ±  0.01 

The  measurements  listed  in  the  table  as  being  made  under  "summer 
conditions"  were  actually  carried  out  in  April -May  (1978)  after  the  snow 
cover  had  disappeared  and  as  the  shielding  structure  near  the  target  was 
being  dismantled  In  stages.  In  this  case  the  measurements  made  with  the 
target  unshielded  towards  the  railway  (i.e.  the  added  shielding  removed  com¬ 
pletely)  can  be  compared  with  those  made  with  SNOOPY  under  similar  conditions 
(i.e.  absence  of  snow  cover)  in  the  earlier  survey  (1)  and  which  have  been 
discussed  previously.  It  is  apparent  from  the  dose -equivalent  rates  under 
summer  conditions  quoted  in  the  above  table  that  the  shielding  configuration 
S2  had  very  little  effect  on  the  dose  rate  at  Building  14  as  compared  with 
the  unshielded  case.  It  was  only  when  shielding  was  introduced  above  the 
target,  as  was  the  case  for  the  S3  shielding  configuration,  that  a  significant 
reduction  in  the  dose  rate  occurred,  the  obvious  mechanism  being  a  reduction 
in  the  skyshine  component.  It  should  be  noted,  however,  that  the  dose  rate 
obtained  with  the  S3  configuration  under  summer  conditions  was  almost  the 
same  as  that  measured  under  winter  conditions  without  any  additional  shielding 
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near  the  target.  In  the  latter  instance  it  would  appear  that  the  snow  cover 
acta  to  reduce  the  ground-scattered  component  incident  on  Building  14.  Further 
examples  of  the  effect  of  the  snow  cover  will  be  discussed  below. 


5.  THE  EFFECTS  OF  SNOW-COVERED  TERRAIN  ON  DOSE  RATES  MEASURED  AT  OPEN- 
FIFID  LOCATIONS 


Different  dose  rates  were  measured  at  Building  14  under  summer  and 
winter  conditions  for  the  same  total  neutron  output  rate  from  the  target,  as 
discussed  above,  and  this  difference  was  attributed  to  the  effects  of  snow 
cover  in  reducing  the  ground -scattered  flux.  In  this  case  It  was  possible  to 
observe  the  difference  in  dose  rate  clearly  because  only  the  skyshine  and 
ground-scattered  flux  were  incident  on  the  building,  the  direct  flux  being 
blocked  by  the  L-shaped  shielding  wall  near  the  target.  While  the  more-intense 
direct  flux  would  be  expected  to  mask  minor  changes  in  the  air-  or  ground- 
scattered  components,  it  is  possible  that  small  seasonal  changes  in  dose  rate 
were  observed  in  some  measurements  at  grid  locations  which  were  in  direct  view 
of  the  target,  as  can  be  ascertained  by  Inspection  of  Figure  4  (e.g.  locations 
E5,  F4,  G4,  H4).  More  significant  seasonal  dlferences,  however,  were  observed 
for  points  such  as  E6  and  F6,  which  were  shielded  from  the  direct  neutron  flux 
by  the  main  wall  and  which  were  much  closer  to  the  target  than  had  been  the 
case  for  Building  14.  The  dose  rates  measured  at  these  two  locations  under 
various  conditions,  for  a  neutron  output  of  1010  n/s,  are  summarized  in  the 
following  table: 


DOSE -RATE  EQUIVALENT 

mrem/hour 

TARGET  SHIELDING 
CONFIGURATION 

E6 

F6 

Summer 

Winter 

Summer 

Winter 

Unshielded  towards  railway 

2.24  ±  0.04 

1.73  .♦  0.09 

3.01  ±  0.06 

2.28  t  0.10 

S2 

2.04  1  0.03 

2.95  ±  0.06 

S3 

1.36  ±  0.03 

1.35  ±  0.02 
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Thus,  for  Che  case  of  no  added  shielding  near  the  target,  the  dose 
rates  at  the  two  points  are  each  about  23-247  smaller  under  winter  conditions 
than  in  the  summer,  and  these  winter  dose  rates  are  also  smaller  than  those 
measured  in  the  summer  with  the  S2  shielding  in  place.  The  above  results  are 
thus  similar  to  those  obtained  at  Building  14,  but  are  statistically  more 
significant  because  of  the  larger  neutron  flux  available  at  the  E6  and  F6 
locations. 


6.  RESPONSE  CHARACTERISTICS  OF  THE  EBERLINE  PNR-4  REM  COUNTER 


As  stated  previously,  the  calibration  of  the  Rem  counter  was  based 
on  i ts  response  to  a  standard  Pu-Be  source  of  known  output,  this  response  being 
related  to  the  calculated  dose-equivalent  factor  for  the  source.  The  response 
of  the  Rem  counter,  however,  approximates  the  desired  dose -equivalent  curve 
only  over  a  relatively  6mall  energy  range  (4) ,  from  400  keV  to  3-4  MeV,  and 
thus,  as  pointed  out,  dose -rate  measurements  at  locations  where  the  direct 
14-MeV  flux  is  incident  on  the  counter  would  be  expected  to  be  in  error  by  a 
considerable  amount. 

A  meaningful  calibration  of  the  response  of  the  detector  at  14-MeV, 
based  on  the  known  output  from  the  target  as  determined  by  the  fission  chamber 
and  the  recommended  (3)  dose -equivalent  factor  applicable  to  14-MeV  neutrons, 
was  not  feasible  at  any  of  the  unshielded  locations  at  which  measurements  were 
made  because  of  the  unknown  contribution  of  the  skyshine  and  ground-scattered 
components.  It  was  possible,  however,  to  compare  the  dose  rates  Indicated  by 
the  PNR-4  Rem  counter  at  a  number  of  locations  with  those  determined  at  the 
same  time  by  means  of  an  NE-213  scintillation  detector  (7).  In  the  latter 
case  the  neutron  spectrum  above  0.5  MeV  was  determined  by  proton-recoil  spectro¬ 
scopy  and  integrated  against  the  ANSI  (3)  fluence-to-biological-dose  conversion 
factors.  Comparisons  were  made  both  at  unshielded  locations  where  the  14-MeV 
flux  from  the  target  would  be  predominant,  and  also  at  locations  where  a  direct 
view  of  the  target  was  blocked  by  the  main  shielding  wall  and  where  the  air- 
and  ground -scattered  flux  would  consequently  be  expected  to  make  the  major 
contribution  to  the  measured  dose  rate. 

The  results  of  these  measurements,  normalized  to  a  neutron  output 
of  10>0  n/s,  are  summarized  in  the  following  table;  also  Included  are  values 
for  the  average  neutron  energy  as  determined  in  each  case  by  the  recoil  proton 
spectrometer,  as  well  as  the  expected  dose  rates  for  a  pure  14-MeV  flux  calcu¬ 
lated  on  the  basis  of  the  recommended  (3)  dose  equivalent  factor  of  57.8  x  10~6 
mrem/n/cm2  for  14-MeV  neutrons: 
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*  Halfway  between  grid  points  F4  and  FS,  At  About  3.'''  from  target. 

*  S«  shielding  In  place;  for  All  others  target  unshielded  towards  vaUvay  . 

Thu*  At  the  first  three  locations  listed  In  the  table,  All  of  which 
had  An  unobAtvuc  ted  vi*v  of  the  target,  th*  dose  va  to  a  derived  from  the  recoil 
spectrometer  measurements  are  from  48T  to  bST  higher  then  those  indicated  by 
the  FNR-4  end  reflect,  in  pert,  the  inadequate  dose -equivalent  response  of  the 
Rem  counter  to  high-energy  neutronA ,  as  diecuAAed  previously.  The  feet  that 
the  recoil-proton  meAAurementA  give  dose  VAtee  which  Are  aIao  considerably 
higher  then  thoee  celculeted  on  the  b as  1  a  of  a  14-MeV  neutron  output  of  10* '' 
n/e  from  the  terget  cen  be  Attributed  mainly  to  the  contribution  of  scattered 
neutrons.  This  conclusion  is  supported  by  the  feet  that  the  grestest  difference 
between  the  cslculsted  dose  rstes  And  those  measured  by  proton  recoil 
occurs  for  the  F4-F5  locstlon.  This  psrticulAr  locstion  is  the  only  one  of 
the  three  which  was  within  sight  of  the  AuxilliAty  shielding  well  ne at  the 
terget,  end  this  well  would  be  expected  to  be  a  significant  source  of  scAttered 
neutrons,  as  slresdy  pointed  out.  The  lower  aver Age  neutron  energy,  11. sd  MeV, 
which  was  meesured  At  this  locstion,  as  compered  with  thst  meesured  At  F*'  or 
KS,  is  Also  consistent  with  this  expectation.  Thus  the  Acettered-neutron 
component  makes  up  en  importsnt  frsctlon  of  the  totel  number  of  neutrons  which 
were  detected  by  the  recoil  spectrometer  At  this  locstion.  The  feet  thst,  of 
the  FNR-4  meesurements,  the  one  msds  At  this  sawc  locstion  devtstes  lesst  tbtl 
from  the  celculeted  dose  rete  cen  be  Accounted  for  on  the  seme  bests.  In  this 
Inst  a  nee  the  greeter  sensitivity  of  the  FNK-4  to  the  lower -energy  flux  of 
ecettered  neutrons  pertlAlly  compensetrs  for  its  relative  insensitivity  to  the 
higher -energy  direct  component. 
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AC  locations  F6  and  E6 ,  which  are  behind  the  main  shielding  wall  and 
where  the  average  incident  neutron  energy  is  less  than  4  MeV,  the  dose  rates 
measured  by  the  Rem  counter  are  higher  than  those  based  on  the  recoil  proton 
spectrum.  At  such  locations  it  might  be  expected  that  the  PNR-4  measurements 
would  be  more  reliable  than  those  made  at  unshielded  locations,  since  calibration 
of  the  Rem  counter  was  based  on  the  known  output  of  a  standard  Pu-Be  source 
whose  average  neutron  energy  of  ~  4.2  MeV  is  not  greatly  different  from  that 
to  be  found  at  the  shielded  locations  where  these  measurements  were  made.  The 
higher  dose  rate  indicated  by  the  Rem  counter  as  compared  with  that  obtained  by 
the  recoil  proton  technique  can  be  attributed  both  to  the  enhanced  response  of 
the  PNR-4  below  400  keV,  assuming  the  measured  spectrum  is  weighted  relatively 
more  in  this  region  than  is  the  Pu-Be  spectrum,  and  to  the  500-keV  detection 
threshold  of  the  recoil  proton  spectrometer. 


7.  SUMMARY 


A  field  survey  has  been  carried  out  to  assess  the  effectiveness  of 
various  forms  of  shielding  around  the  target  of  the  neutron  generator  in  re¬ 
ducing  the  dose  rate  at  selected  locations  on  the  DRF.O  site.  Measurements 
at  specific  locations  of  interest  to  the  AECB  showed  that  varying  degrees  of 
additional  protection  could  be  attained,  depending  on  location.  Thus,  along 
the  fence  bordering  the  railway  right-of-way,  the  most  effective  shielding 
arrangement  which  was  employed,  S3,  reduced  the  dose  rate  by  only  a  factor  of 
3  from  that  produced  by  the  unshielded  target.  It  was  apparent  that  any 
further  significant  reduction  in  dose  rate  would  require  the  installation  of 
considerable  additional  shielding.  At  locations  which  were  already  shielded 
by  the  main  L-shapedwall  near  the  target,  such  as  Building  14,  it  was  possible 
to  make  a  marginally  significant  reduction  (  50X)  in  the  dose  rate  only  when 
shielding  was  Introduced  above  the  target.  At  such  locations  the  beneficial 
effects  of  snow  cover  in  reducing  the  dose  rate,  through  a  reduction  of  the 
ground-scattered  component,  were  also  observed;  thus  at  Building  14  the  winter 
dose  rate  without  additional  shielding  near  the  target  approximated  that 
observed  in  summer  with  the  maximum  S3  shielding  in  place. 

The  results  of  this  survey  lend  to  the  conclusion  that  the  most 
effective  shadow  shield  which  was  employed  would  probably  satisfy  AECB  require¬ 
ments  so  far  as  the  dose-rate  along  the  railway  fence  was  concerned,  the  AECB 
being  prepared  to  accept  the  measured  dose  rate  as  being  as  low  as  reasonably 
achievable  (ALARA) ,  considering  the  low  occupancy  factor.  On  the  other  hand, 
it  can  also  be  concluded  that  the  marginal  reduction  in  dose  rate  which  was 
produced  at  Building  14  by  means  of  shielding  added  above  the  target  was  in¬ 
dicative  that  even  a  more  substantial  shield  of  the  same  nature  would  not  be 
totally  acceptable  under  the  AECB  guidelines  to  permit  continued  operation  of 
the  generator  for  the  full  number  of  hours  specified  in  the  licence.  Thus  it 
can  be  surmised  that  AECB  requirements  as  regards  the  yearly  dose  at  Building  14 
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could  only  be  met  either  by  construction  of  a  massive  concrete  shield  which 
surround  the  target  practically  entirely,  or  else  by  monitoring  factors 
related  to  the  neutron  output  in  order  to  obtain  a  measure  of  the  cumulative 
dose  inside  Building  14,  and  being  prepared  to  cease  operations  for  the  year 
once  the  total  had  reached  5  mrem. 

The  practical  utility  of  the  PNR-A  Rem  Counter  for  carrying  out  a 
meaningful  quantitative  survey  can  be  questioned  as  a  result  of  experience 
which  has  been  gained  in  the  use  of  the  instrument  in  the  field.  While  the 
instrument  itself  can  apparently  be  calibrated  very  precisely  and  consistently 
with  Pu-Be  neutrons,  its  inadequate  relative  response  to  a  different  neutron 
spectrum  suggests  that  dose-rate  measurements  made  with  the  Instrument  in  a 
fast-neutron  flux  of  arbitrary  spectral  composition  can  be  relied  upon  to  no 
more  than  a  factor  of  two. 
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